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I. Introduction
THREE-PHASE ac/dc/ac and ac/ac converters with variable frequency (VF) and variable voltage operation have found broad applications in the industry. The most popular configuration uses voltage source inverter (VSI) with a diode rectifier as the front end for adjustable speed drives (ASDs), uninterruptible power supplies (UPS), and other industrial applications. This configuration features low cost and reliable operation due to the use of a diode rectifier, but it generates highly distorted input line currents and does not have regenerative or dynamic braking capability. These problems can be mitigated by using a back-to-back two-level voltage source converter, shown inFig.1, where a PWM voltage source rectifier is used to replace the diode rectifier the backto-back converter configuration requires 12 active switches such as IGBTs with increased manufacture cost. In addition, it needs a large size dc capacitor. To reduce the device count and minimize/eliminate the dc capacitor filter, various converter topologies have been proposed in the literature.
Fig.1Conventional back-to-back converter topology
One of the promising converter topologies is the matrix converter. This converter presents a radical change in topology and directly converts a fixed ac input voltage to an adjustable ac output voltage. It is capable of bi-directional energy transfer for the supply to the load or vice versa. There is no dc link circuit, and therefore the dc capacitor filter in the back-to-back converter is not required. However, the matrix converter normally requires 18 IGBT switches and its switching scheme is complex. The high cost and complex control have made this topology less attractive.
The proposed three-phase nine-switch converter topology has only three legs with three switches installed on each of them. The novelty here is that the middle switch in each individual leg is shared by both the rectifier and the inverter, thereby reducing the switch count by 33% and 50% in comparison to the B2B 2L-VSC. The input power is delivered to the output partially through the middle three switches and partially through a quasi-dc-link circuit. The circuit can be considered that the rectifier of the nine-switch converter is composed of the top three and middle three switches, whereas the inverter consists of the middle three and bottom three switches.The converter uses space vector PWM (SVM) method which is an advanced computation-intensive PWM method and is possibly the best among all the PWM techniques for variablefrequency drive applications.
II. Space Vector Modulation
The space vector PWM (SVM) method is an advanced computation-intensive PWM method and is possibly the best among all the PWM techniques for variable-frequency drive applications. Because of its superior performance characteristics, it has been finding wide speed applications in recent years. The desired three phase voltages at the output of the inverter could be represented by an equivalent vector V rotating in the counter clock wise direction as shown in Fig.3 . The magnitude of this vector is related to the magnitude of the output voltage (Fig.4) and the time this vector takes to complete one revolution is the same as the fundamental time period of the output voltage.
Fig.2Output voltage vector in the α-βplane
Fig.3 Output line voltages in time domain
Let us consider the situation when the desired line-to-line output voltage vector V is in sector 1 as shown in Fig.3 . This vector could be synthesized by the pulse-width modulation (PWM) of the two adjacent SSV's V1 (pnn) and V2 (ppn), the duty cycle of each being d1 and d2, respectively, and the zero vector V7(nnn) / V8(ppp) ) of duty cycle d0:
Where, 0 ≤m ≤0.866, is the modulation index. This would correspond to a maximum line-to-line voltage of 1.0Vg, which is 15% more than conventional sinusoidal PWM as shown.
Fig.4 Synthesis of the required output voltage vector in sector 1
Application Of Svm Technique For Three Phase Three Leg Ac/Ac Converter Topology
All SVM schemes and most of the other PWM algorithms use Eqns. (1) and (2) for the output voltage synthesis. The modulation algorithms that use non-adjacent SSV's have been shown to produce higher THD and/or switching losses and are not analyzed here, although some of them, e.g. hysteresis, can be very simple to implement and can provide faster transient response. The duty cycles d1, d2, and d0, are uniquely determined, and Eqns. (1) and (2) , the only difference between PWM schemes that use adjacent vectors is the choice of the zero vector(s) and the sequence in which the vectors are applied within the switching cycle. The degrees of freedom we have in the choice of a given modulation algorithm is: 1) The choice of the zero vector; whether we would like to use V7(ppp) or V8(nnn) or both, 2) Sequencing of the vectors 3) Splitting of the duty cycles of the vectors without introducing additional commutations.
Output voltages of three-phase inverter
S 1 through S 6 are the six power transistors that shape the output voltages When an upper switch is turned on (i.e., a, b or c is "1"), the corresponding lower switch is turned off (i.e., a', b' or c' is "0"). 
III. Nine-Switch Converter Topology
Fig .5 shows the proposed three-phase nine-switch converter topology. This converter has three legs with three switches per leg. The novelty of this converter is that the middle switch in each of the three converter legs is shared by the rectifier and inverter, thereby reducing the switch count by 33% and 50% in comparison to the back-to-back converter and matrix converter, respectively. The input power is delivered to the output partially through the middle three switches and partially through a quasi dc link circuit. For the convenience of discussion, we can consider that the rectifier of the nine-switch converter is composed of top three and middle three switches. 
IV. Simulation Analysis
The performance of the proposed nine-switch converter topology is simulated by simulink software. The utility supply is rated 208V and 60Hz with a supply inductance of L= 2.5mH. The converter is loaded with a three phase RL load of R s =8 ohms and L= 2.5mH. The dc capacitor C dl is 2350 µF. The rectifier is controlled by a vector control scheme with unity power factor operation. The inverter output voltage is not detected and therefore is not tightly controlled. The switching frequency of both rectifier and inverter is 3240Hz.Both CF and VF modes of operation are investigated. 
Conclusion
A novel nine-switch PWM ac/ac converter topology using SVM technique was proposed in this paper. The topology uses only nine IGBT devices for ac to ac conversion through a quasi dc-link circuit. Compared with the conventional back-to-back PWM VSC using 12 switches and the matrix converter that uses 18, the number of switches in the proposed converter is reduced by 33% and 50%, respectively. The proposed converter features sinusoidal inputs and outputs, unity input power factor, and low manufacturing cost. The operating principle of the converter was elaborated, and modulation schemes for constant and VF operations were developed. Simulation results including a semiconductor loss analysis was provided, which reveal that the proposed converter, while working in CF mode, has an overall higher efficiency than the B2B 2L-VSC at the expense of uneven loss distribution. However, the VF-mode version requires IGBT devices with higher ratings and dissipates significantly higher losses, and thus, is not as attractive as its counterpart. Experimental verification is carried out on a 5-kVA prototype system. This paper analyzed the Back to Back inverter topology, and the more complex three-phase-leg topologies with the modulation concepts and derived carrier-based reference equations verified in simulation for all presented voltage-type -source inverters, and experimentally for a three-phase-leg -source inverter. The paper presents the Three-phase Three-leg Ac/Ac converter topology using Space vector Modulation technique for IGBT pulses. Experiments have been carried out to verify the validity of the proposed scheme.
